The changes in the intestinal glucose transport in strep tozotocin-induced diabetic rats have been demonstrated with brush border membrane vesicles. When Na+ -dependent D-glucose uptake and phlorizin binding activities were compared, both significantly increased either in the jejunum or ileum of diabetic rats compared with those of control. Kinetic studies showed the increases in the Vmax of glucose transport and the maximum binding of phlorizin (Bmax), whereas the Kt and Kd remained unchanged, respectively. These results suggested that the increase in glucose transport in diabetic rat intestine was due to the increase in the number of the intact glucose transporters.
1. Animals. Male rats of Wistar strain, weighing about 250g, were injected intraperitoneally with streptozotocin (70mg/kg) dissolved in 50mM sodium-citrate buffer (pH 4.5). Control rats received the sodium-citrate buffer alone. All rats were housed in individual metabolic cages, and given a standard laboratory chow (Oriental Yeast Co.) and water ad libitum. On day 12 after the injection, the rats were killed by decapitation between 9 to 11 a.m. without fasting. Blood was tested for glucose concentration using the glucose-oxidase method of Dahlqvist (10) . The appearance of diabetes was assessed by glucosuria and the blood glucose level higher than 300mg/dl. 4. Sucrase assay and protein determination. An aliquot of the suspension of brush-border membrane vesicles was used for the assay of sucrase activity . Sucrase activity was determined by the method of Dahlqvist (10) . Protein concentration was determined by the method of Lowry et al. (13) In the presence of an inwardly-directed sodium gradient, n-glucose is tran siently accumulated inside brush-border membrane vesicles, attaining a con centration which is several-fold higher than that in the medium (11, 14) . Therefore, we investigated the changes in n-glucose uptake in the presence of NaSCN by brush-border membrane vesicles obtained from control and diabetic rat small intestines. As shown in Fig. 1 , glucose uptake increased significantly both for the jejunum and ileum of diabetic rats compared with those of control rats. Glucose uptake by brush-border membrane vesicles exhibits a Michaelis-Menten type kinetics with glucose concentrations (11) . Therefore, in order to investigate whether there are some changes in kinetic properties, such as affinity constant (Kt) and the maximum glucose uptake (Vmax), glucose uptake at various concentrations of glucose was measured with brush-border membrane vesicles of diabetic and control rat intestines. The Kt and Vmax values were estimated according to Eadie-Scatchard plot. As shown in Table 2 , the values of Kt for glucose uptake in diabetic rat jejunum and ileum were almost identical with those from control rats, whereas Vmax values of diabetic rat jejunum and ileum increased significantly compared with those of control rats. These results indicated that experimental diabetes caused an increase in the number of the glucose transporter molecules. 3. Changes in phlorizin binding to brush-border membrane vesicles of rat with streptozotocin-induced diabetes Phlorizin is a potent competitive inhibitor and serves as a ligand specific for Na+, D-glucose cotransporter (1, 2) . Therefore, we investigated the changes in phlorizin binding to brush-border membrane vesicles obtained from control and diabetic rat small intestines. As shown in Fig. 2 , the maximum phlorizin binding (Bmax) to vesicles increased significantly both for the jejunum and ileum of diabetic rats compared with those for control rats, whereas half maximum binding con centrations appeared unchanged. To obtain the dissociation constant (Kd) and Bmax, these values were analyzed according to Scatchard plot (Fig. 3) , where slopes Y. TSUJI et al. Fig. 3 . Scatchard plots of the data shown in Fig. 2 . represent Kd and intercepts on abscissa Bmax. As shown in Table 3 , the values of Kd for phlorizin binding for diabetic rat jejunum were almost identical with those for control rats, and the difference of values for ileum was not significant, whereas Bmax values increased significantly both for the jejunum and ileum of diabetic rats compared with those for control rats. These results suggested an increase in the number of glucose transporters in the brush-border membrane vesicles of the diabetic rat intestine. In the present study, to further assess the molecular basis, the glucose transport system was investigated with brush-border membrane vesicles from diabetic rat intestine. The results clearly showed that glucose uptake by, and phlorizin binding to, brush-border membrane vesicles increased significantly both in the jejunum and ileum of diabetic rat intestine compared with those of control rats. These results suggested the increase in the activity of the Na+, glucose cotransporter . Moreover, our kinetic studies showed the increases in Vmax of glucose uptake and Bmax of the binding of phlorizin but not Kt and Kd, suggesting that the number of the glucose transporters was increased. Among possible interpretations of diabetic change in Vmax for glucose transport, the first is the induction of the number of glucose transporters as suggested previously by Thomson (15) with the intact intestinal tis sue. An alternative explanation is the changes in the electrochemical gradient for Na+ during the coupled Na+, glucose cotransport (4). However, this view is not likely on the basis of recent findings by Fedorak et al. (16) . They showed that alanine and 3-O-methylglucose transport were enhanced in the ileum of diabetic rats , but sulfate absorption, a sodium-dependent system, was not enhanced simultaneously . If the increased transport in diabetes is due to the changes in diabetic membrane somehow to sustain a higher driving force for transport, all Na+ -dependent transport processes are expected to be increased. With respect to the possible changes in the membrane lipid, Gourley et al. (17) have analyzed the lipid com position and the viscosity of microvillus membrane from diabetic rats and found them to be similar to those from control rats. The uptake of glucose in diabetic rat intestine is further influenced by variations in dietary composition and the amounts of food intake. These features are under investigation with brush-border membrane vesicles from diabetic rat upon dietary manipulation.
